ATER SHORTAGE problem in Egypt is continuously increasing and it is prospected to reach the threshold level of less than 500 m 3 /year/capita which so-called water scarcity limit. Therefore, the present study was carried out to use alternative irrigation technique I 1 (traditional irrigation like to practice by local farmers in the studied area), I 2 (irrigation furrow and left furrow with a fixed shape during the growing season) and I 
Introduction
Irrigation is the main sector in water consumption at the national level .Water allocated for irrigation is about 85% from the total renewable water resources. So, effective water management at the irrigation sector is the major way towards the rationalization policy for the country. In this aspect, effective on farm irrigation management becomes a must. In Egypt, irrigated agriculture is the dominant type of farming. Moreover, the per capita of water for different purposes is decreasing gradually to less than the water poverty limit 1000 m 3 per annum, (El-Quosy, 1998) . To overcome the water shortage, it is necessary to develop water-saving agriculture countermeasures, thereby producing more crops per drop. Shortage irrigation and alternate partial root-zone irrigation are water-saving irrigation strategies being widely used in arid and semi-arid regions, (Jensen et al., 2010) . Alternate partial root zone irrigation is a further development of increasing water saving; it includes irrigating only part of the root zone, leaving the other part to dry to a pre-determined level before the next irrigation, (Kang and Zhang, 2004) . By alternately wetting and drying part of the root zone, Partial Rootzone Irrigation (PRI) allows the induction of the abscisic acid (ABA)-based chemical signaling from the drying roots to regulate growth and water use of the shoots, that way increasing water use efficiency, (Loveys et al., 2000) .
Henna (Lawsonia alba) belongs to the family Lythraceae. It is a perennial shrub or small tree (2 to 6 m in height) native to North Africa, Australia and Asia and it is naturalized and cultivated in the tropical regions of Sudan, America, India, Egypt, and parts of the Middle East, (Chauhan and Pillai, 2007 and Vasudevan and Laddha, 2003) . Henna is a medicinal and industrial plant which has been considered as one of the natural dyes. The leaves contain a red-orange color component known as lawsone (2 hydroxy 1,4 napthoquinone), which is also named as hennotannic acid. Lawsone is the main constituent taking charge of the dying properties of henna plants, (Kidanemariam et al., 2013 and Semwal et al., 2014) . Moisture and Soil affect Lawsone levels of henna. Iron, dry, hot bearing soils produce henna with high Lawsone levels. Fertile moist soils produce henna with a lower level of Lawsone, (Yogisha et al., 2002) . Henna is one of the medicinal plants which tolerant to drought and can grow only if minimum temperatures stay above 11 °C, (Kidanemariam et al., 2013) . Mechanisms of drought response displayed by the henna plant were partially different depending on the dose of irrigation. Henna plants were able to tolerate water stress in the moderate stress (50% of the control) by adapting morphological mechanisms to counter drought damage. However, plants seem to be more sensitive to drought at (25% of the control) severe deficit irrigation stress, (Enneb et al., 2015) .
On the other side, lack of soil moisture led to the reduction in nutrients distribution rate in the soil to root absorption. According to researchers report about drought effect on sodium, potassium and phosphorus absorption, less access to nutrients is the reason of nutrients absorption reduction by plant root in soil. Uptake and nutrients transmission mechanisms in crops such as mass flow, diffusion, and osmosis are as a function of the moisture amount in soil; in lack of humidity case, intense and amount of nutrients uptake would be changed. Zn and B may provide cereal seedlings with tolerance to drought stress which can be used for further studies for improving drought tolerance in cereals. Therefore, it can be concluded that soil application in early stage combined with foliar application in late stage (especially flowering) is a promising approach to alleviate drought stress, (Karim and Rahman, 2015) . Foliar fertilization method may be a good substitute to the predictable soil application to avoid the loss of fertilizers by leaching and thereby minimizing the ground water pollution, (Tomimori et al., 1995) There isn't enough information about water requirements and consumptive use for ornamental, medicinal and aromatic plants, especially in the North Nile delta region. Abovementioned reviews, according to drought sensitivity index, henna consider as a moderately tolerant plant to drought, (Enneb et al., 2015) and can be achieved overcome drought in these areas. On the other side, rationalization of irrigation water in agriculture sector is becoming a must to save water and reaches with the losses to the minimum level by decreasing the irrigation area in comparison with traditional irrigation method which always practices by local farmers. For that, the aim of this investigation was to study the effect of alternative irrigation technique on henna plant (Lawsonia alba Lam.) as well as, foliar applications of micronutrients, potassium and humic liquid fertilizer to mitigate the deficitirrigated on the growth, yield, its components, water behavior and some water relations.
Materials and Methods

Site description
At the Experimental Farm of Sakha Agricultural Research Station, Kafr El-Sheikh Governorate. Two field experiments were conducted during the two growing summer seasons of 2015 and 2016 to study the water behavior and some water relations of henna (Lawsonia alba Lam) under using alternative irrigation method as an effective technique for rationalization of irrigation in comparison with using traditional irrigation method and the role of foliar fertilization to alleviate drought stress and the response of the growth, yield and its components.
Plant material and growing conditions
Hard wood cuttings (20 cm length with 7-8 nodes) from the local cultivar of Lawsonia alba Lam (syn. L. inermis L) were used in this study. Tables (A and B) :
The studied physical characteristics of the site such as mechanical analysis were determined according to the international pipette method (Klute, 1986) . Soil bulk density (Bd), soil field capacity (F.C) and permanent wilting point (PWP) were determined according to Klute, 1986) . Available soil moisture (AW) was calculated as the difference between soil field capacity and permanent wilting point. The studied chemical characteristics such as soil reaction (pH) values were determined in 1:2.5 soil water suspension (Jackson, 1973) . Total soluble salts were measured by electrical conductivity (EC) apparatus in the saturated soil paste extract (Jackson, 1973 (Jackson, 1973) . But SO 4 = was calculated by the difference between soluble cations and anions. 
Meteorological conditions
Meteorological conditions during the two experimental growing seasons (2015 and 2016) for Sakha area are presented in Table (C) .
Applied irrigation methods
The plot (strip) area for irrigation treatment was 180 m 2 (3.6 m width x 50 m length) While the plot area for foliar application treatment was 34.2 m 2 (2.6 m width x 9.5 m length). The experimental design was split plot, with three replications. The main plots were randomly assigned by irrigation method (I), where I 1 (traditional irrigation method like to practice by local farmers in the studied area), I 2 (Irrigation furrow and left furrow with a fixed shape during the whole growing season) and I 3 (irrigation furrow and left furrow with an alternative shape during the whole growing season). The furrows width was 60 cm apart and the distance between each cutting was about 30-40 cm apart on one side. While the sub plots were randomly assigned to foliar application treatments Fig.1 . 
Foliar fertilizer application:
Plants were foliar sprayed with five different treatments as explained in Table (D) .
All treatments were spraying twice, one at the early growth stage i.e. one month after planting and the second application about 2 weeks later. The plants leaves were thoroughly wetted until solution drops.
Measurements
Growth and yield characteristics Harvesting process was performed after completely flowering stage when most of the branches were painted with brown colour. Then, the leaves of every plant were individually separated from the branches and air dried in shade at room temperature (about 25°C) then, packed in paper bags in September 28 th and October 6 th in the first and second growing seasons, respectively.
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The following vegetative growth attributes were carried out on the sample size of ten plants chosen randomly from the inner rows in each plot: Plant height (cm), number of main branches, plant fresh and dry weights (g), leaves /stems ratio and leaves yield /fed
Chemical constituents
Active substances: Lawson and tannins are the main active constituents in henna leaves. Lawsone (2-hydroxy,1,4-aphthoquinone) is mainly responsible for the colour development in leaves of henna.
a. Lawson pigment content: was determined in the air dried henna leaves according to (Pratibha and Korwar., 1999) . Lawson yield in (g/ plant) was calculated by multiplying leaves dry weight (g/plant) by its lawson percentages.
b. Tannins content: was determined in the powdered henna leaves according to the modified Vanillin-HCl method of (Price et al., 1978) as described by (Babiker and El-Tinay, 1992) . Tannins yield (g/plant) was calculated by multiplying the dry weight of leaves in gram per plant by its tannins percentage.
Total carbohydrates percentage
Total carbohydrates including polysaccharides in dry leaves of each treatment were colorimetrically determined by the method of (Michel et al., 1956) Protein percentage was estimated by multiplying nitrogen percentage by 6.25.This was based on the assumption that the protein contains 16% nitrogen, according to the method described by (Ranganna, 1978) . 
Elemental determination
The extraction was made of a known weight of the dried leaves sample (0.5 g). The wet digestion procedure was performed according to (Jackson, 1973) to determine the following minerals. a) Total nitrogen was determined by using the semi-micro-kjeldahl method according to (Black et al., 1982) . b) Phosphorus percentage was colorimetrically determined following (Jackson, 1973) . The developed blue color was measured at the wave length of 660 nm using spectrophotometer. c) Potassium percentage was determined using a flame photometer as described by (Jackson, 1973) .
Irrigation measurements Applied irrigation water (AW) (cm 3 and m 3 /fed):
The amount of applied irrigation water was calculated according to (Israelsen and Hansen, 1962) /fed) The amount of water consumed in each irrigation was obtained from the difference between soil moisture content after and before the following irrigation. Water consumptive use by the growing plants was calculated based on soil moisture depletion (SMD) according to Hansen et al., (1979) . 
Consumptive use efficiency (ECU %)
Values of consumptive use efficiency (ECU %) were calculated according to (Bos, 1980) .
ECU = (ETC/AW) x 100
Where: ECU = Consumptive use efficiency (%): ETC = Total evapotranspiration ~ water consumptive use AW = Applied irrigation water to the field.
Water productivity (WP, kg/m 3 ) Water productivity is generally defined as crop yield per cubic meter of water consumption. Water productivity is defined as crop production per unit amount of water used (Molden, 1997) . Concept of water productivity in agricultural production systems is focused on producing more food with the same water resources or producing the same amount of food with less water resources. It was calculated according to Ali et al. (2007) . Statistical analysis All data were statistically analyzed approved to the technique of analysis of variance (ANOVA) as published by Gomez and Gomez (1984) . Means of the treatments were compared by the least significant difference (LSD) at 5% level of significance which developed by Waller and Duncan (1969) using COSTAT computer program.
Results and Discussion
Growth and yield characteristics
Irrigation effect: Evidently, a significant decrease in henna growth characters under alternative irrigation technique I 2 and I 3 was obtained, Table (1 and 2 ). So that, maximum of plant height, number of branches, leaves / stems ratio, fresh and dry weights/plant, leaves yield/plant and leaves yield/fed were observed in control I 1 (traditional irrigation method) in the two seasons followed by I 3 treatment which increased all growth characters as compared to I 2 . Alternative irrigation technique I 3 slightly decreased leaves yield/plant for about 7.62 and 28.36% in the first and second seasons, respectively. Reduction in plant growth characters under water stress could be attributed greatly to moisture stress significantly effect on stomata closure, decline in growth rate, photosynthesis, leaf area reduction, leaf senescence and reduction in cell development, . Similarly, (Jabereldar et al., 2017) found that water stress at the eight-leaf stage of sorghum reduced panicle weight, panicle length, number of grains per panicle, seed yield, 100-grain weight, and water use efficiency . (Rodriguez et al., 2004) indicated that leaf growth in the seedling stage is highly sensitive to these stresses. However, water stress reduces the rate of cell expansion and finally cell size and growth rate. (Jami et al., 2015) were observed the too negative impact on these attributes.
Foliar Fertilization
Data in Table 1 showed that all foliar fertilization treatments significantly increased all growth criteria of henna plants under study as compared with the control. The highest increments in plant height, number of branches and leaves /stems ratio were obtained as a result of spraying henna plants with micronutrients Egypt. J. Hort. Vol. 44, No. 2 (2017) ALTERNATIVE IRRIGATION METHOD AS AN EFFECTIVE TECHNIQUE … in the two seasons. While, spraying henna with micronutrients combined with potassium and humic recorded the highest significant result on fresh and dry weights, leaves yield/plant and leaves yield /fed in the two seasons. Spraying plants with micronutrients combined with potassium and humic increased the leaves yield /fed for about 35.16% and 32.86% in the two seasons, respectively. These results are due to foliar fertilization is functional to plant leaves and leaves are green factories where the chemical process is multipart of photosynthesis produces the compounds for plant growth. These results agreed with findings of (Jami et al., 2015 and Asgharipour and Mosapour, 2016) who found that foliar feeding of nutrients has become an established procedure to increase yield and improve the quality of crop products. 
Interaction
The interaction influence between irrigation methods and foliar fertilization was highly effective on all growth henna characters for the two seasons, except plant height in the first season which did not significantly affected. Spraying plants with micronutrients and micronutrients combined with Potassium and humic under all irrigation treatments observed highly growth characters comparing with the control in most cases in the two seasons. Decreases in plant growth due to drought may be referring to a disturbance in the nutrients, resulting in the decreases in K, Ca, Mg, P and N uptake, (Yuncai et al., 2008) . Similar results about the impact of foliar fertilizer with water stress on fennel were reported, (Asgharipour and Mosapour, 2016) .
Chemical constituents
Irrigation effect chemical characters of henna plants significantly increased by using alternative irrigation technique (Table 3 and 4). So that, maximum of N, P, K and Lawson %, lawson yield/plant (g), tannins %, tannins yield/(g) plant, Protein and total carbohydrates % were observed in I 3 treatment which increasing all chemical characters in most cases as compared to I 1 . These results can be attributed to the accumulation of soluble carbohydrates play an important role in osmoregulation, turgidity and stability of biomolecules and membranes. In addition, soluble carbohydrates help to reduce cell water potential and cell turgidity under water deficit, (Farahat et al., 2007) . These results agreed with other reports on tarragon, (Lotfi et al., 2014) .
Foliar Fertilization
All foliar fertilization treatments significant increased all chemical characters of henna plants under study as compared with the control Table (3 and 4) . The highest increment as a result of spraying henna plants was micronutrients combined with potassium and humic on N %, P %, lawson %, Lawson yield/plant, tannins %, tannins yield/plant, protein % and total carbohydrates % in the two seasons. Spraying henna plants with micronutrients combined with potassium and humic increased tannins yield/plant for about (32.74 and 35.64%) and lawson yield/plant by about (43.37 and 38.01%) in the two seasons, respectively. This may be due to when plants suffer from a nutrient deficiency; the efficacy of foliar fertilization is higher than that of soil fertilization. The reasons for this are because of the supply of the required nutrient directly to the location of demand in the leaves and its relatively quick absorption, independence of root activity and soil water availability, Romemheld and El-Fouly (1999) . Mineral elements have numerous functions in plants including maintaining charge balance, electron carriers, structural components, enzyme activation, and providing osmotic for turgor and growth (Waraich et al., 2011 and Salim et al., 2014) .
Interaction
The interaction effects between irrigation methods and foliar fertilization were significant on all chemical characters for the two seasons, except N and protein % in the first season was not significant. Spraying plants with micronutrients under I 3 observed highly P and lawson % in the two seasons while, micronutrients combined with potassium and humic under I 3 recorded the highly significant effect on lawson yield/plant, tannins yield/plant and protein % in the two seasons. The highest significant effect on N and tannins % showed under spraying humic with I 2 . Plants spraying with Potassium under I 3 recorded the highly significant effect on K and total carbohydrates % in the two seasons. However, plants sprayed with micronutrients under I1 contained the highest total carbohydrates % in the first season. These results attributed to application of nutrients like potassium help maintaining high tissue water potential under drought condition and improve drought tolerance by osmotic adjustment. The micronutrients like Cu and B alleviate the adverse effects of drought indirectly by activating the physiological, biochemical and metabolic processes in the plants, (Salim et al., 2014) . Similarly, the application of some micro-nutrients like Zn, Si, and Mg also increase antioxidants concentration and improves drought tolerance in plants. In other mechanism, nutrients like P, K, Mg, and Zn improve the root growth which in turn increases the intake of water which helps in stomatal regulation and enhances the drought tolerance. Increasing evidence suggests that mineral-nutrients status of plants plays a critical role in increasing plant resistance to environmental stress factors, (Waraich et al., 2011) . *, **, *** and NS: significant at p ≤ 0.05, 0.01, 0.001or not significant, respectively. Means separated at P≤ 0.05, LSD test. I 1 (traditional irrigation method like to practice by local farmers in the studied area), I 2 (Irrigation furrow and left furrow with a fixed shape during the whole growing season) and I 3 (irrigation furrow and left furrow with an alternative shape during the whole growing season). F 1 (Micronutrient), F 2 (Potassium), F 3 (Humic), F 4 (Micro +Pot +Hum) and F 5 (Fresh water). I 1 (traditional irrigation method like to practice by local farmers in the studied area), I 2 (Irrigation furrow and left furrow with a fixed shape during the whole growing season) and I 3 (irrigation furrow and left furrow with an alternative shape during the whole growing season).
which received the lowest values comparing with I 1 and I 2 in the two seasons. These findings are in the same line with those reported by (Aiad, 2003 and Shabana, 2010) . Also, increasing amount of water saving under using alternative irrigation technique comparing with traditional irrigation could be attributed to decreasing amount of applied water by decreasing irrigated area. Also, increasing the amount of water losses under using traditional irrigation by evaporation from the soil surface. Therefore, low water saving comparing with alternative irrigation technique which receives low water amount, decreasing losses by evaporation, decreasing applied water and increasing amount of water saving. These results are in a great harmony with those reported by (Aiad, 2003) who demonstrated that alternative furrow irrigation saved irrigation water by 25.6 and 31.8% with decreasing seed cotton yield by 15.17 and 4.0% for both seasons compared with the irrigation of all furrows (traditional irrigation). Also, these results are at the same time with those found by (Shabana, 2010) .
Water consumptive use (CU) m 3 /fed and Consumptive use efficiency (ECU%)
Water consumptive use and Consumptive use efficiency (is a parameter which indicates the capability of plants to utilize the soil moisture stored in the effective root zone) were tabulated in Table 6 . The values of (CU and ECU) were greatly affected by both irrigation and nutrients foliar application treatments in the two seasons. Concerning, the effect of irrigation treatments, the highest values of (CU and ECU) were recorded under I 1 in the two seasons. Meanwhile, the lowest values for water consumptive were recorded under I 3 . Increasing the values of water consumptive use under irrigation treatment I 1 in comparison with I 2 and I 3 led to increasing the values of ECU and this could be attributed to increasing the amount of applied water which may be led to increase the irrigated area and hence, increasing the losses of evaporation from the soil surface and this considers one of the two main components for water consumptive use. Also, increasing the amount of applied water might be led to increased availability of soil nutrients and hence, increasing uptake rate of these nutrients by plants for that, forming strong plants with a thick canopy which exposes to the sunlight therefore, increasing a number of losses by transpiration Egypt. J. Hort. Vol. 44, No. 2 (2017) ALTERNATIVE IRRIGATION METHOD AS AN EFFECTIVE TECHNIQUE … from plant surface. Also, this considers one of the two main components for water consumptive use. Consequently, increasing evaporation and transpiration which led to increasing the values of water consumptive use because these components are the components of CU. These results are in a great harmony with those reported by (Hua and Zhong., 2000) indicated that alternative furrow irrigation didn't decrease photosynthetic rate by decreased evapotranspiration (water consumptive use). Also, these findings are in the same line with those reported by (Aiad, 2003) . El-Shahawy (2004) concluded that the seasonal water consumptive use increased with irrigation of all furrows under traditional land leveling. Also, the lowest values for water consumptive use were obtained by using alternative furrow irrigation technique. Also, these results are in the same harmony with those reported by Shabana (2010) . Regarding, the effect of nutrients foliar application on the values of water consumptive use and ECU data in the same table declared that the values of CU and ECU were clearly affected by nutrients foliar application. Plants spraying with mixed of micronutrients liquid fertilizer combined with potassium liquid fertilizer and humic liquid fertilizer (F 4 ) under all irrigation treatments recorded the highest values for CU and ECU. It might be attributed to increasing canopy area under the conditions of this treatment and hence, increasing area of the plant which exposed to sunlight. Therefore, increasing transpiration from plant surface. So, increasing amount of seasonal CU and ECU.
Water productivity (WP, kg/m 3 ) and productivity of irrigation water (PIW, kg/m 3 ) The Water productivity and productivity of irrigation water were affected by irrigation and foliar application treatments for both henna leaves yield and Lawson yield Table 7 . Concerning irrigation treatments, the highest overall mean values were recorded under irrigation treatments I3 for the two yields. Increasing the overall mean values for WP and PIW under the conditions of irrigation treatments (I 3 ) in comparison with other irrigation treatments I 2 and I 1 could be attributed to decreasing amount of both water applied and consumptive use. These results are identically with those reported by (Shabana, 2010) and (Moursi et al., 2014) . Regarding the impact of foliar application, the highest overall mean values 
Conclusion
For the first time, we can use innovative irrigation practices like alternative irrigation technique (irrigation furrow and left furrow with an alternative shape) on henna grown under heavy clay soil and enhance water efficiency, Water productivity (WP) and productivity of irrigation water (PIW) and gaining an economic advantage in rationalization of irrigation by saving irrigation water for about 25.47% and this saving compensates the yield reduction.
We can spray plants with micronutrients combined with potassium and humic which increasing the leaves yield /fed by 35.16%, lawson yield/plant by 43.37% and tannins yield/plant by 35.64% and alleviate water stress.
